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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD OF THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To reduce a collector-size dependence 
of a current amplification factor, in a collector-top HOT. 
SOLUTION: A base electrode 11. in a collector top heterojunction 
bipolar transistor is brought into contact with the side plane of a 
base layer 5 which has not been subjected to ion implantation and 
with the front surface of a high resistance parasitic emitter region 
14, which has been subjected to the Ion implantation. 
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♦ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor device, wherein it has a collector top heterojunction bipolar transistor, and a base layer 
has not covered all the high resistance parasitism emitter regions, and a base electrode exists on the above- 
mentioned high resistance parasitism emitter region and is electrically connected with the side of the above- 
mentioned base layer. 

[Claim 2]The semiconductor device according to claim 1, wherein the above-mentioned base electrode is electrically 
connected with the upper surface of the above-mentioned base layer. 

[Claim 3]The semiconductor device according to claim 1 or 2. wherein the above-mentioned high resistance 
parasitism emitter region contains at least one kind of element among helium, beryllium, boron, carbon, nitrogen, 
oxygen, fluoride, and neon. 

[Claim 4]A single crystal semiconductor substrate. 

A sub emitter layer which is formed on this board and consists of an n type compound semiconductor. 

An emitter layer which forbidden-band width is larger than a compound semiconductor which is formed on this sub 

emitter layer and forms this sub emitter layer, and consists of an n type compound semiconductor. 

A base layer which forbidden-band width is smaller than a compound semiconductor which is formed on this emitter 

layer and forms this emitter layer, and consists of p type compound semiconductors. 

Forbidden-band width equivalent to a compound semiconductor which is formed on this base layer and forms this 
base layer. 

Are the semiconductor device provided with the above and the above-mentioned base electrode is formed in 
contact with the side of the above-mentioned base layer, and the surface of the above-mentioned emitter layer. A 
field where the above-mentioned base electrode touches at least among the above-mentioned emitter layers 
contains at least one kind of element among helium, beryllium, boron, carbon, nitrogen, oxygen, fluoride, and neon. 

[Claim 5]The semiconductor device according to claim 4. wherein distance from a mesa end of the above-mentioned 
collector to the above-mentioned base layer side is 0.5 micrometer or less and distance of a direction which 
connects the above-mentioned collector mesa end and the above-mentioned base layer side of the above- 
mentioned base electrode which exists on the above-mentioned base layer is 0.3 micrometer or less. 
[Claim 6]Tho semiconductor device according to claim 4 or 5 with which the above-mentioned single crystal 
semiconductor substrate is GaAs, and the above-mentioned sub emitter layer is characterized by laminating an 
InGaAsN layer and a GaAs layer from the above-mentioned GaAs single crystal semiconductor substrate side. 
[Claim 7]The above-mentioned bipolar transistor has a collector finger, and an interval of this collector fmger is not 
less than 2 micronneters 10 micrometers or less, and an emitter electrode. The semiconductor device according to 
any one of claims 1 to 6 characterized by being formed on a field of an opposite hand with a field of a single crystal 
semiconductor substrate of the above-mentioned bipolar transistor in which the above-mentioned base electrode 
was formed. 

[Claim 8]The semiconductor device according to claim 7 characterized by a thing from which the above-mentioned 
collector finger was' insulated electrically [ this collector finger ]. and which circular or is arranged to a field inside a 
rectangular doughnut shape straw-man collector electrode. 
[Claim 9]On a single crystal semiconductor substrate. 

Two or more amplifiers formed on this single crystal semiconductor substrate. 
An interstage matching circuit which connects between these amplifiers. 

Are the monolithic microwave integrated circuit provided with the above, and the above-mentioned amplifier 
comprises a collector top heterojunction bipolar transistor of the semiconductor device according to any one of 
claims 1 to 8. Thickness of the above-mentioned single crystal semiconductor substrate of a field in which the 
above-mentioned interstage matching circuit of an input side of an output stage transistor of the above-mentioned 
amplifier was formed is characterized by being thicker than thickness of the above-mentioned single crystal 
semiconductor substrate of a field in which the above-mentioned output stage transistor was formed. 

[Claim 10]A power amplifier module having the monolithic microwave integrated circuit according to claim 9. 
[Claim 11]A mobile transmitter having the power amplifier module according to claim 10. 

[Claim 12]A millimeter wave belt amplifier module having the monolithic microwave integrated circuit according to 
claim 9. 

[Claim 13]A process of growing up an emitter layer which consists of an n type compound semiconductor on a 
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single crystal semiconductor substrate. A process of growing up a base layer which consists of a p type compound 
semiconductor whose forbidden-band width is smaller than a compound semiconductor which forms this emitter 
layer on this emitter layer, A manufacturing method of a collector top heteroj unction bipolar transistor having a 
process of processing shape of a request of this base layer, and the process of forming a high resistance parasitism 
emitter region in a field which this base layer does not cover among these emitter layers by ion implantation. 
[Claim 14]A manufacturing method of the collector top heterojunction bipolar transistor according to claim 13. 
wherein the above-mentioned ion implantation drives in ion of at least one kind of element among helium, beryllium, 
boron, carbon, nitrogen, oxygen, fluoride, and neon. 

[Claim 15]A manufacturing method of the collector top heterojunction bipolar transistor according to claim 13 or 14 
characterized by. as for the above-mentioned single crystal semiconductor, GaAs's becoming, and InGaP or AIGaAs. 
and the above-mentioned base layer consisting of GaAs(es). as for the above-mentioned emitter layer. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. Thts document has been translated by computer. So the translation may not reflect the original precisely, 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the semiconductor device which used the collector top 
heterojunction bipolar transistor, especially a power amplifier with high power conversion efficiency 
[0002] 

[Description of the Prior Artjin recent years, research and development of the power amplifier used for a 
transmitter are briskly done with the rapid growth of the demand of mobile transmitters. For example, the power 
amplifier using the heterojunction bipolar transistor (HBT:Heterojunction Bipolar Transistor) as a semiconductor 
device of a power amplifier is indicated to JP,10-135750,A. 
[0003] 

[Problem(s) to be Solved by the Invention]As an example of a power amplifier, the circuit diagram of the monolithic- 
microwave-integrated-circuit-ized two-step amplifier is shown in drawing 23. The output matching circuit whose 
input matching circuit which is a circuit which decides an input impedance to be an input in drawing 23 is a circuit 
which decides output impedance to be an output is connected, (not shown [ all ] all over the circuit diagram 23 . in 
order to form all by an external passive component out of an integrated circuit) In order to raise the power 
conversion efficiency of a power amplifier like drawing 23 . (1) Raising the power conversion efficiency of driver stage 
HBT and output stage HBT and reducing-power consumption in (2) bias circuits ** are indispensable. 
It is effective to reduce the knee voltage (the minimum collector emitter voltage in the maximum collector current 
of operation) of HBT to (1). The knee voltage of HBT is determined from offset voltage (collector to emitter voltage 
from which collector current serves as zero), emitter resistance, and collector resistance. The offset voltage of HBT 
rather than emitter top HBT which formed the emitter in the surface side. It is known that the collector top HBT 
which formed the collector in the surface side Is lower, collector top HBT with low offset voltage — electronics 
Letters — it is indicated by the 265th page (2000) (Electronics Letters Vol.36 No.3 pp.264-265 (2000)) from the 
264th page of the 3 volume [ 36th ] No. 

To (2). it becomes important to maintain suitable current gain. The power consumption of a bias circuit becomes so 
low that the current gain of driver stage HBT and output stage HBT is high. However, the high current gain, for 
example exceeding 70 thru/or 100 leads to the fall of pressure-proofing between collector emitters, and causes the 
reliability deterioration of a power amplifier. Therefore, as current gain of driver stage HBT and output stage HBT, 
about 50 are desirable. However, when the conventional collector top HBT ( drawing 31 ) is adopted to the above (1). 
even if about 50 current gain is obtained in large area HBT whose collector size is a lOOxlOO-micrometer^ grade. 
There was a problem on which current gain is [ HBT with small collector size used as a transistor finger of a power 
amplifier, for example, collector size. ] less than 10 in HBT of 2x20 micrometer^ ( drawing 32 ). For this reason, even 
if the power conversion efficiency of driver stage HBT and output stage HBT Improves with adoption of collector 
top HBT. as a result of the power consumption of a bias circuit increasing, the power conversion efficiency of the 
whole power amplifier had a problem not improving. The purpose of this invention is to reduce the collector size 
dependency of the current gain in collector top HBT. 
[0004] 

[Means for Solving the Problem]A base layer of a collector top heterojunction bipolar transistor is kept from 
covering all the high resistance parasitism emitter regions, and the above-mentioned purpose can attain it by making 
a base electrode exist on a high resistance parasitism emitter region, and making it electrically connect with the side 
of a base layer. A process the above-mentioned purpose grows up an emitter layer which consists of an n type 
compound semiconductor on a single crystal semiconductor substrate to be. A process of growing up a base layer 
which consists of a p type compound semiconductor whose forbidden-band width is smaller than a compound 
semiconductor which forms an emitter layer on this emitter layer. It can attain with a manufacturing method of a 
collector top heterojunction bipolar transistor which has a process of processing shape of a request of this base 
layer, and the process of forming a high resistance parasitism emitter region in a field which a base layer does not 
cover among emitter layers by ion implantation. 
[0005] 

[Embodiment of the Invention]When producing collector top HBT, in order to control the base current which flows 
through parasitism emitter base junction. Conventionally, ion implantation, such as helium, beryllium, boron, carbon, 
nitrogen, oxygen, fluoride, and neon, was made by the mask over the external base region in the parasitism emitter 
region in a collector electrode and collector mesa, and the parasitism emitter region has been high-resistance-ized. 
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Under the present circumstances, in order for the current gain of collector top HBT to exceed 1, emitter base 
junction area needs to become smaller than base collector junction area. As opposed to the reduction amount of 
collector mesa being about 0.3 micrometer to a collector electrode. The distance which the crystal defect generated 
on the usual ion implantation conditions diffuses to a transverse direction in a collector top HBT making process is 
0.3 micrometer to about 0.5 micrometer, and the relation that emitter base junction area was smaller than base 
collector junction area was filled. However, attention was not paid to that the transverse direction nuclear 
proliferation of the above-mentioned crystal defect has occurred not only the inside of an emitter layer but in a 
base layer until now. Then, first, collector top HBT by conventional technology was produced, and the collector size 
dependency of base current was investigated, if a career recombines via the crystal defect in an emitter depletion 
layer — an ideal factor n value (it is Aexp (qV/nkT) (A: — a proportionality coefficient) about current) q: The 
amount of elementary charge. Vrvoltage. kiBoltzmann constant T : the value of n when expressed the absolute 
temperature should be set to 2. and it should be set to n= 1 if the recombination current through the defect in a 
base neutral region rules over. As a result of producing collector top HBT by the conventional technology actually 
shown in drawing 31 and analyzing the collector current dependency of base current the ideal factor n value was 
1.0. The collector size dependency of the collector top HBT current gain by the conventional technology shown in 
drawing 31 became clear [ mainly originating in the crystal defect in a base layer ] from this. 
[0006]This invention performs ion implantation, without passing an external base region, and is characterized by 
forming a base electrode ranging over the low resistance base layer by which ion implantation is not made, and the 
high resistance parasitism emitter region where ion implantation was made. 

[0007]Example 1 drawing 1 is vertical section structural drawing of collector top HBT used for the power amplifier 
which is the 1st example of this invention, the semi insulating GaAs substrate 1 top — a high dope n type GaAs sub 
emitter layer (Si-concentration 5x10 '•^cm'^.) 0.8 micrometer2 of thickness, and a n type InGaP emitter layer (the 
InP mole ratio 0.5 and Si-concentration 5x10 ^''cm"^.) 0.2 micrometer3 of thickness, undoped GaAs spacer layer (5 
nm of thickness) 4. and a p type GaAs base layer (C concentration 3x10 ^^cm"^) thickness 70nm5. undoped GaAs 
spacer layer (20 nm of thickness) 6. and a n type InGaP etch stopping layer (the InP mole ratio 0.5 and Si- 
concentration 3x10 ^"'cm"^.) thickness 5nm7 and a n type GaAs collector layer (Si-concentration 3x10 ^^cm'^.) In 
0.8 micrometer of thickness. 8 and the n type InGaAs cap layer (the InAs mole ratio 0.5, Si-concentration 1x10 
^^^^n^""^' 0-2 micrometer of thickness) 9 exist and the collector electrode 10 and the base electrode 11 are formed 
in self align via the SiOg side attachment wall 15. On the other hand, the emitter electrode 12 is formed in non-self 
consistency to base mesa. Here in the transistor parasitism field (fields other than the transistor intrinsic region of 
collector-electrode 10 directly under) in the emitter layer 3 and the sub emitter layer 2. The high resistance InGaP 
parasitism emitter region 14 and the high resistance GaAs parasitism sub emitter region 13 where boron ion was 
driven in existed, and the base current (electron flow 16 in drawing 1 ) which flows through parasitism emitter base 
junction is controlled. As ion to drive in, in addition to boron, even if it is any of helium, beryllium, carbon, nitrogen, 
oxygen, fluoride, and neon, the high resistanceHzed fields 13 and 14 are formed similarly. The current gain of 
collector top HBT of collector size 2 of 2x20 micrometers in this example was 55. The collector size dependency of 
the current gain which those of this value is the same as the current gain of collector size 2 of 100x100 
micrometers, and had become a problem by conventional technology has been controlled ( drawing 1 7 ). Then, with 
reference to drawing 10. the manufacturing method of collector top HBT shown in drawing 1 is explained from 
drawing 2 . First an organic metal vapor phase epitaxy method or molecular beam epitaxy method is used on the 
semi insulating GaAs substrate 1. The high dope n type GaAs sub emrtter layer 2. n type InGaP emitter layer 3. 
undoped GaAs spacer layer 4. p type GaAs base layer 5. undoped GaAs spacer layer 6, the n type InGaP etch 
stopping layer 7, the n type GaAs collector layer 8. The n type InGaAs cap layer 9 was grown epitaxially one by one. 
Although the n type InGaP etch stopping layer 7 controls the hole injection from a base to a collector and it has a 
reduction effect of offset voltage here, it is not an indispensable layer on operation of collector top HBT. Then. WSi 
(the Si mole ratio 0.3, 0.3 micrometer of thickness) was deposited on the entire wafer surface using the high 
frequency sputtering technique, and the collector electrode 10 was formed by photo lithography and the dry etching 
using CF4. And the wet etching using the mixed liquor of dry etching and phosphoric acid, hydrogen peroxide, and 
water which used SFg and SiCI^ for the mask for the n type InGaAs cap layer 9 and the n type GaAs collector layer 
8 removed the collector electrode 10. Under the present circumstances, the n type InGaP etch stopping layer 7 was 
not etched by the wet etching which used the mixed liquor of phosphoric acid, hydrogen peroxide, and water, but the 
surface of the n type InGaP etch stopping layer 7 was exposed ( drawing 2 ). Then, using pyrolysis modified chemical 
vapor deposition, the SiOg film (400 nm of thickness) was deposited at 390 **. and the Si02 side attachment wall 15 
was processed by the dry etching using GgFg and CHF3. Then, the collector electrode 10 and the Si02 side 
attachment wall 15 on a mask. The hydrochloric acid aqueous solution removed the n type InGaP etch stopping 
layer 7. the wet etching using the mixed liquor of phosphoric acid, hydrogen peroxide, and water removed undoped 
GaAs spacer layer 6 and p type GaAs base layer 5, and the n type InGaP emitter layer 3 surface was exposed 
( drawing 3 ). And the boron ion 51 was driven into the whole surfece at the room temperature on condition of 
accelerating energy 50keV, zero incidence angle, and amount of Dors 2x10 ^^0,^-2 Under the present 
circumstances, the crystal defect formed of ion implantation was diffused in the transverse direction, and the high 
resistance InGaP parasitism emitter region 14 and the high resistance GaAs parasitism sub emitter region 13 spread 
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in the transverse direction (drawing 4). This spread width spread further like the heat process in a subsequent 
manufacturing process, and was estimated at 0.3 to about 0.5 micrometer from the collector mesa size dependency 
of collector current after element making process completion. Then, base-electrode Pt (20 nm) / Ti (50 nm) / Pt(50 
nm)/Au (200 nm) / Mo(20 nm) 1 1 are formed by the lift-off method using electron beam evaporation. A 0.6- 
micrometer interval was set to collector mesa, and the photoresist pattern 16 of height equal to the collector mesa 
containing a collector electrode was produced by photo lithography ( drawin g 5). And flattening of the whole wafer 
was carried out by the photoresist 17 of 2 micrometers of thickness ( drawing 6 ). Next, by the dry etching using CF^ 
and oxygen, etchback of the photoresists 17 and 16 was carried out and the base electrode 11 deposited on the 
collector electrode 10 was exposed ( drawing 7 ). And after removing an unnecessary base electrode among the base 
electrodes 11 using ion milling, the photoresist was removed using the plasma of the mixed gas of CF4. Og, and 
( drawing 8 ). 

[0008]Then. photo lithography, a hydrochloric acid aqueous solution and phosphoric acid, hydrogen peroxide, Using 
the wet etching using the mixed liquor of water, the high resistance InGaP parasitism emitter region 14 and the high 
resistance GaAs parasitism sub emitter region 13 were removed, and the low resistance n type GaAs sub emitter 
layer 2 was exposed ( drawing 9 ). Then, the emitter electrode 12 which consists of AuGe (60 nm of thickness) / 
nickel (10 nm of thickness) / Au (300 nm of thickness) was formed by the lift-off method, and the alloy was carried 
out for 10 minutes at 410 ** among a nitrogen atmosphere ( drawing 10 ). And by removing the n type GaAs sub 
emitter layer 2 using the wet etching using the mixed liquor of photo lithography and phosphoric acid, hydrogen 
peroxide, and water, Separation between elements was performed, collector top HBT shown in drawing 1 was 
produced, and. finally required wiring was performed to the collector electrode 10, the base electrode 11. and the 
emitter electrode 12 (not shown). According to this example, the lateral dispersion of the crystal defect resulting 
from ion implantation happens only by n type InGaP emitter layer 3 and the high dope n type GaAs sub emitter layer 
2. and does not carry out lateral dispersion into p type GaAs base layer 5. Therefore, the collector size dependency 
of the current gain resulting from the career recombination in the collector top HBT base neutral region which had 
become a problem by conventional technology can be controlled. Therefore, as a result of the base current which 
flows into a base bias circuit reducing detailed collector top HBT by this example in plurality and the power amplifier 
which carried out multiple connection and was constituted, the power consumption in a base bias circuit decreases, 
and it is effective in the power conversion efficiency of a power amplifier improving. For example, a with a frequency 
of 880 to 915 MHz GMSK (Gaussian Filtered Minimum Shift Keying) modulated wave is received. With the power 
amplifier using collector top HBT by this invention, 73% and a value high 4% were obtained to having been 69% in the 
case of the power amplifier using collector top HBT according [ the power adding efficiency in 35 dBm ] to 
conventional technology in the output power at the power supply voltage 3.5V and the temperature of 25 **. 
Although InGaP was used for the emitter layer in this example, lattice matching is carried out to GaAs substrates 1, 
such as AIGaAs. and if it is material with bigger forbidden-band width than GaAs which is a base layer, of course, 
there is the same effect as this example. 

[0009]Example 2 drawing 1 1 is vertical section structural drawing of collector top HBT used for the power amplifier 
which is the 2nd example of this invention. Example 1 — the same — the semi insulating GaAs substrate 1 top — a 
high dope n type GaAs sub emitter layer (Si-concentration 5x10 ^^cm"*^.) 0.8 micrometer2 of thickness, and a n 
type InGaP emitter layer (the InP mole ratio 0.5 and Si-concentration 5x10 "'^cm'"'^.) 0.2 micrometer3 of thickness, 
undoped GaAs spacer layer (5 nm of thickness) 4. and a p type GaAs base layer (G concentration 3x10 "^^cm'^.) 
thickness 70nm5, undoped GaAs spacer layer (20 nm of thickness) 6, and a n type InGaP etch stopping layer (the 
InP mole ratio 0.5 and Si-concentration 3x10 '•^cm"^.) Although 7. the n type GaAs collector layer (Si-concentration 
3x10 ""^cm""^, 0.8 micrometer of thickness) 8. and the n type InGaAs cap layer (the InAs mole ratio 0.5, Si- 
concentration 1x10 ^^cm"^. 0.2 micrometer of thickness) 9 exist in 5 nm of thickness. Unlike Example 1. it does not 
have the SiOg side attachment wall. The base electrode 1 1 is formed in self align to the collector electrode 10 using 
ANDAKATTO of collector mesa. The emitter electrode 12 is formed in non— self consistency to base mesa like 
Example 1. In the transistor parasitism fteld (fields other than the transistor intrinsic region of collector-electrode 10 
directly under) in the emitter layer 3 and the sub emitter layer 2. The high resistance InGaP parasitism emitter 
region 14 and the high resistance GaAs parasitism sub emitter region 13 where boron ion was driven in existed, and 
the base current (electron flow 16 in drawing 1 ) which flows through parasitism emitter base junction is controlled. 
As ion to drive in, in addition to boron, even if it is any of helium, beryllium, carbon, nitrogen, oxygen, fluoride, and 
neon, the high resistance-ized fields 13 and 14 are formed similarly. The base electrode 11 differs in the point 
currently formed not only in contact with the high resistance InGaP parasitism emitter region 14 but in contact with 
the upper surface of p type GaAs base layer 5 from Example 1. The width a to which the base electrode 1 1 touches 
the upper surface of the base layer 5 is constituted so that it may be 0.3 micrometer or less and the distance b 
from a collector mesa end to the base layer side may be 0.5 micrometer or less. The current gain of collector top 
HBT of collector size ^ of 2x20 micrometers in this example 55, It not only has controlled the collector size 
dependency of current gain, but the base resistance in collector top HBT of collector size ^ of 2x20 micrometers is 
low stopped with 10 ohms by this example to 40 ohms of Example 1 like Example 1. Even If a exceeds 0.3 
micrometer, the reduction of base resistance may not be in the range of acceptor concentration (1-6) xlO ^^cm"^ 
usually used for the base layer of HBT, and 0.3 micrometer or less in value may be sufficient as a. The maximum is 
prescribed by the distance in which the crystal defect formed during ion implantation carries out lateral dispersion 
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into a subsequent element manufacturing process, current gain becomes less than one and b is not suitable for 
"practical use. as a result of emitter base junction area*s becoming larger than base collector junction area, if b is too 
large. If the maximum temperature usually used for a GaAs system compound semiconductor manufacturing process 
takes Into consideration that the maximum retention time in about 410 »M= and the temperature of those is about 30 
minutes, b needs to be 0.5 micrometer or less. Then, with reference to drawing 16 . the manufacturing method of 
collector top HBT shown in drawing 1 1 is explained from drawing 1 2 . Formation to the formation of the high 
resistance InGaP parasitism emitter region 14 by placing of boron ion etc. and the high resistance GaAs parasitism 
sub emitter region 13 of a collector electrode is the same as that of the manufacturing process shown in drawing 4 
from drawing 2 of Example 1. Buffer fluoric acid removed the Si02 side attachment wall 15 used as some masks of 
ion implantation after the ion implantation process ( drawing 12 ). And the base electrode 1 1 was formed by the lift- 
off method. Under the present circumstances, the result of having formed metal Pt (20 nm) / Ti (50 nm) / Pt(50 
nm)/Au (200 nm) / Mo for base electrodes (20 nm) by directive electron beam evaporation. It dissociated and the 
portion deposited on the collector electrode (0.3 micrometer of WSi film thickness) 1 1 and the portion deposited on 
the n type InGaP etch stopping layer 7 surface and the high resistance InGaP parasitism emitter region 14 were 
formed in [ the collector electrode 10 and the base electrode 11 ] self align ( drawing 13 ). And an alloy is carried out 
for 10 minutes at 410 ** among a nitrogen atmosphere, the sinter of the Pt is carried out through the n type InGaP 
etch stopping layer 7 and undoped GaAs spacer layer 6. and the base electrode was made to carry out direct 
contact to the base layer 5 ( drawing 14 ). Then, photo lithography, a hydrochloric acid aqueous solution and 
phosphoric acid, hydrogen peroxide. Using the wet etching using the mixed liquor of water, the high resistance InGaP 
parasitism emitter region 14 and the high resistance GaAs parasitism sub emitter region 13 were removed, and the 
low resistance n type GaAs sub emitter layer 2 was exposed ( drawing 1 5 ). Then, the emitter electrode 12 which 
consists of AuGe (60 nm of thickness) / nickel (10 nm of thickness) / Au (300 nm of thickness) was formed by the 
lift-off method, and the alloy was carried out for 10 minutes at 410 ** among a nitrogen atmosphere ( draw i ng 16) . 
And by removing the n type GaAs sub emitter layer 2 using the wet etching using the mixed liquor of photo 
lithography and phosphoric acid, hydrogen peroxide, and water. Separation between elements was performed, 
collector top HBT shown in drawing 1 1 was produced, and. finally required wiring was performed to the collector 
electrode 10. the base electrode 1 1, and the emitter electrode 12 (not shown). As a result of being able to form a 
base electrode in the low resistance external base layer surface on which ion implantation is not made according to 
this example, low collector top HBT of base resistance Is realizable. Therefore, It is effective in power gain improving 
in addition to the feature which stated detailed collector top HBT by this example in Example 1 in plurality and the 
power amplifier which carried out multiple connection and was constituted. For example, the output power at the 
power supply voltage 3.5V and the temperature of 25 ** to a with a frequency of 880 to 915 MHz GMSK modulated 
wave the power gain in 35 dBm. With the power amplifier using collector top HBT by this Invention. 16 dB and a 
value high 3 dB were obtained to having been 1 3 dB in the case of the power amplifier using collector top HBT by 
conventional technology. 

[0010]Example 3 drawing 1 7 is vertical section structural drawing of a collector top HBT finger sequence used for 
the power amplifier which is the 3rd example of this invention. Collector top HBT shown in Example 1 was used for 
each transistor. Although the wet etching of GaAs was used for separation between elements in Example 1, in order 
to reduce unevenness of a specimen surface, the isolation region 18 between high resistance GaAs elements which 
used ion implantation, such as boron, is formed by this example. The wiring 20 Is collector wiring for an output which 
connects each collector electrode. The interval c of each collector finger Is not less than 2 micrometers 10 
micrometers or less, and it is the feature of this example that the emitter electrode 21 is formed in the field where 
the collector electrode 10 and the base electrode 1 1 are opposite to the semi insulating GaAs substrate 1. The 
structure of drawing 1 7 carries out lamination of the semi insulating GaAs substrate 1 of 600 micrometers of 
thickness even to 80 micrometers by mechanical polishing after formation of the isolation region 18 between 
elements. It doubles with the surface side pattern of the semi Insulating GaAs substrate 1 using the contact aligner 
for double-sided doubling. The semi insulating GaAs substrate 1 rearHace radiating hole pattern directly under a 
transistor was formed by the wet etching using the mixed liquor of the dry etching and sulfuric acid, hydrogen 
peroxide, and water using photo lithography. SFg. and SiC^. And the emitter rear-face alloy electrode 21 which 
consists of AuGe (60 nm of thickness) / nickel (10 nm of thickness) / Au (4 micrometers of thickness) was formed 
in the whole rear face of lamination GaAs substrate 1. and the alloy was carried out for 30 minutes at 350 ** among 
a nitrogen atmosphere. Since generation of heat at the time of operation of collector top HBT not only can pass the 
surface side collector wiring metal 20 of GaAs substrate 1, but it can miss via the rear-fece side emitter electrode 
21 of GaAs substrate 1 according to this example. As a result of avoiding thermal run-away and packing the 
collector finger interval c. the value of c which was conventionally required not less than 20 micrometers is made to 
10 micrometers or less, and area of the semiconductor chip containing collector top HBT can be made small even to 
the half grade of conventional technology. Thereby, in this example. It is efFective In a low cost power amplifier being 
realizable. 

[001 1]In this example. 2 micrometers of minimums were set as c In order to avoid that a base electrode with a width 
of about 1 micrometer which accompanies acjjacent collector mesa contacts. Although collector top HBT of the 
example 1 statement was used in this example, even if It uses collector top HBT of example 2 statement, it can 
carry out similarly, and, of course, there is same effect. 

Example 4 drawing 1 8 is vertical section structural drawing of a collector top HBT finger sequence used for the 
power amplifier which is the 4th example of this Invention. Collector top HBT shown In Example 3 was used for each 
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transistor. Although excelled in the radiation effect from directly under [ transistor ], in Example 3 After forming an^ 
emitter rear-face alloy electrode, the time of starting a collector top HBT chip by a scribe — A-A of drawing 1 7 — 
in the thin field of all the thickness which already carried out AB-B ** no **. mechanical breakage arose and there 
was a problem on which the manufacturing yield of a collector top HBT chip is dropped. In this example, two or more 
collector fingers have been arranged to the field inside the rectangle or the circular doughnut shape straw-man 
collector electrode insulated electrically [ this collector finger ]. according to this example — the favor of the 
existence of straw-man collector-electrode structure — A-A **** a-B ** fu of drawing 17 — since [ like ] a weak 
thin film region does not exist mechanically, a manufacturing yield is high and it is effective in the power amplifier 
excellent in reliability being realizable. Although drawing 1 7 is illustrated based on the collector top HBT structure of 
example 1 statement, also with the collector top HBT structure of example 2 statement, it can carry out similarly 
and, of course, there is same effect. The planar structure figure at the time of using a rectangle straw-man collector 
for drawing 1 9 . and using a circular straw-man collector for drawing 20 was shown. The collector contact hole is not 
provided in the straw-man collector electrode 22 to the collector contact hole 23 for electrically connecting the 
collector electrode 10 and the collector wiring metal 20 to the collector mesa operated as a transistor being formed. 
Although there is generating of parasitism base collector capacitance between the collector wiring metal 20 and the 
straw-man collector electrode 22, for example in the collector fmger of 2x20-micrometer2. If six or more fingers per 
doughnut shape straw-man collector electrode are arranged, The above-mentioned parasitism base collector 
capacitance can be disregarded now or less [ of the true base layer collector capacitance of a transistor ] with 
1/10. and there is no practical problem about application to the power amplifier of collector top HBT shown in this 
example. While there is an advantage in intensity in which the more nearly circular one is stronger than a rectangle 
about the shape of a doughnut shape straw-man collector electrode, rectangular one is suitable for making the 
number of collector fmgers in a doughnut shape straw-man collector electrode increase. Therefore, in giving priority 
to the manufacturing yield of a collector top HBT chip, when it gives priority to reduction of a circular doughnut 
shape straw-man collector and a collector top HBT chip area, a rectangle doughnut shape straw-man collector 
should just choose. The result of having examined experimentally the mechanical strength of the rectangle doughnut 
shape straw-man collector-electrode structure at the time of using GaAs substrate 1, The number of the collector 
fingers which can be arranged in one rectangle doughnut shape straw-man collector electrode was a maximum of 
16, when collector size was 2x20-micrometer2. What is necessary is just to arrange two or more rectangle doughnut 
shape straw-man collector-electrode structures which have arranged the collector finger in the semiconductor 
device which requires the number of collector fingers beyond it. As for the interval of the viewpoint of a mechanical 
strength to each rectangle doughnut shape straw-man collector electrode, in that case, it is desirable that beyond 
the maximum thickness (in case of this example 80 micrometers) grade of a GaAs substrate provides. 
Example 5 drawing 21 is vertical section structural drawing of a collector top HBT finger sequence used for the 
power amplifier which is the 5th example of this invention. Collector top HBT ( drawing 18) shown in Example 4 was 
used for each transistor, in drawing 1 8 . the rear-face emitter electrode by which picture formation is carried out at 
GaAs substrate 1 is an alloy electrode containing AuGe — a ratio with the high dope n type GaAs sub emitter layer 
2 — contact resistance was as high as x(1-3) 1 0'^omegacm^. Although this value was not so high as it became a 
problem practically, the reproducibility of that value had a scarce problem. As this example shows to drawing 21 . 
between the high dope n type GaAs sub emitter layer 2 and GaAs substrate 1, a high dope n type 
InQ 2GaQ 8Aso 98No o2 substrate rear emitter contact layer (Si-concentration 2x10 ^^cm"'*.) 50 nm of thickness 
provided 26 and the emitter electrode formed in the rear face of GaAs substrate 1 was used as the non alloy 
electrode 24 of Ti (50 nm of thickness)/Pt(50 nm of thickness)/Au (4 micrometers of thickness) structure. In 
drawing 21 , in fields other than the hole for heat dissipation directly under a transistor in GaAs substrate 1. 
Between the high dope n type InGaAsN substrate rear emitter contact layer 26 and GaAs substrate 1. n type InGaP 
layer (the InP mole ratio 0.5, Si-concentration 2x10 "^^cm"*'. 60 nm of thickness) 25 exists as an etch stopping layer. 
This is not [ in / for the purpose of the ease of radiating hole formation and the improvement in reproducibility in a 
manufacturing process / this example ] an indispensable layer. Hereafter, the manufacturing method of the structure 
of drawing 21 which has the etch stopping layer 25 is explained briefly. As an epitaxial growth layer to be used, the 
high dope n type InGaAsN rear-face emitter contact layer 26 and the high dope n type InGaP etch stopping layer 25 
are inserted in the thing given in four from Example 1 between GaAs substrate 1 and the high dope n type GaAs sub 
emitter layer 2. In the manufacturing method of collector top HBT, it is the same as that of Examples 3 and 4 till 
before the radiating hole formation directly under a transistor. Dry etching and sulfuric acid using SFg and SiCI^, At 
the time of the substrate rear radiating hole formation by the wet etching using the mixed liquor of hydrogen 
peroxide and water, it stopped by the high dope n type InGaP etch stopping layer 25, and the high dope n type 
InGaP etch stopping layer 25 exposed etching in the hole for heat dissipation. Then, the high dope n type InGaP 
etch stopping layer 25 in the hole for heat dissipation was removed using the hydrochloric acid aqueous solution, 
and the high dope n type InGaAsN rear-face emitter contact layer 26 was exposed. And the substrate rear emitter 
non alloy electrode 24 was formed by electron beam evaporation and Au plating all over the GaAs substrate 1 rear 
face, a ratio [ as opposed to / according to this example / high dope n type InGaAsN26 of the substrate rear 
emitter electrode 24 ] — contact resistance even to x(0.8-1.2) lO'^omegacm^. [ decrease and ] since the 
reproducibility of the value was also boiled markedly and improved, emitter resistance is low and it is effective in the 
efficient power amplifier excellent in reproducibility being realizable. The mixed crystal composition of the high dope 
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n type InGaAsN layer 26 may not be as above-mentioned, as long as the percentage of N which the rate of In 
occupied to group III elements occupies to not less than 20% and V group element is not less than 2%. Although 
drawing 21 is illustrated based on the collector top HBT structure of example 1 statement also with the collector 
top HBT structure of example 2 statement it can carry out similarly and, of course, there is same effect. 
The monolithic microwave integrated circuit for power amplifiers which is the 6th example of example 6 this 
invention is explained using drawing 22 a nd 23. In this example, the monolithic microwave integrated circuit in which 
all the circuit components in the power amplifier which consists of two steps shown in drawing 23 at least (they may 
be three or more steps) were formed on the semi insulating GaAs substrate 1 was produced. Here, collector top 
HBT given in five is used for a transistor from Example 1. About the portion shown in drawing 23 by the thick line. 
drawing 22 shows the section structure. In order to form inductance required for the interstage matching circuit 
inserted between driver stage HBT and output stage HBT on the semi insulating GaAs substrate 1, without being 
accompanied by superfluous parasitic capacitance, not less than 80 micrometers of thickness of this semi insulating 
GaAs substrate 1 that forms an inductor at least are required. In this example, as shown in drawing 22 . the hole for 
heat dissipation was provided directly under driver stage HBT and output stage HBT61 like collector top HBT given 
in five from Example 3, and thermal run-away is avoided. On the other hand, the emitter electrode 1 2 of HBT62 for 
bias circuits is taken out from the surface side of GaAs substrate 1, and is connected to the resistance element 63 
grade via the 1st layer wiring 73. Here, WSiN thru/or NiCr were used for the resistor of the resistance element 63. 
The collector electrode of driver stage HBT and output stage HBT61 is connected to the inductance element 64 
and the capacitative element 65 grade via the 1st layer wiring 73 and the 2nd layer wiring 74. Here, the capacitative 
element had MIM (metal / insulator layer / metaf) structure, and the cascade screen of Si02 and Si3N4 was used 
for the insulator layer, and it used the 1st layer wiring metal 73 and the 2nd layer wiring metal 74 for the metal 
membrane. HBT62 for bias circuits other than driver stage HBT or output stage HBT61, the resistance element 63, 
the inductance element 64, and the capacitative element 65 grade are formed on GaAs substrate 1 by which 
lamination was carried out to 80 micrometers in thickness. The passive components 63, 64. and 65. an electrode pad 
(not shown), etc. except HBT62 for bias circuits are formed on the high resistance domain 18 which drove in ion. 
such as boron. Next, the manufacturing method of the monolithic microwave integrated circuit shown in drawing 23 
is explained with reference to drawing 28 from drawing 24 . About the manufacturing method of collector top HBT. it 
is the same as that of Example 1. However, the lamination of GaAs substrate 1 does not carry out at this time. The 
applied insulating films 71 used as an interlayer insulation film in 350 ** and 30 minutes among a nitrogen 
atmosphere After sintering. WSiN which is a resistance film was deposited on the entire surface by high frequency 
weld slag, and the resistor 76 for the resistance elements 63 was processed by the dry etching using photo 
lithography and CF4 plasma ( drawing 24 ). Then, the Si02 film ( drawing 25 100 nm of thickness, drawing 23 . and some 
interlayer insulation films 71) was deposited at 250 ** using plasma excitation modified chemical vapor deposition. 
And the contact hole for taking the electric interengagement of the collector electrode 10. the base electrode 1 1 , 
the emitter electrode 12, and the 1st layer wiring metal was formed by the dry etching using photo lithography, 
CHF3. and C2Fg ( drawing 25 ). Then, electron beam evaporation method was used for the entire surface. Mo (50 nm 
of thickness) / Au (800 nm of thickness) / Mo (50 nm of thickness) was deposited, and the 1st layer wiring 73 was 
processed by photo lithography and ion milling ( drawing 26 ). After that. Use plasma excitation modified chemical 
vapor deposition for an entire surface, and a Si02 (20 nm of thickness) / Si3N4(40 nm of thickness)/Si02 (20 nm of 
thickness) cascade screen is deposited on it at 250 **. By the dry etching using photo lithography. CHF3. and G2Fg. 
the insulator layer 74 for the capacitative elements 65 was processed ( drawing 27 ). By then, the dry etching use and 
form the interlayer insulation film 72 in an entire surface for applied insulating films, and using photo lithography. 
CHF3, and C2Fg. The contact hole for taking a part of inductance element 64 and electric interengagement with the 
capacitative element 65 was formed. Then, electron beam evaporation method was used for the entire suHace, Mo 
(50 nm of thickness) / Au (800 nm of thickness) / Mo (50 nm of thickness) was deposited, and the 2nd layer wiring 
74 was processed by photo lithography and ion milling ( drawing 28 ). And the specimen surface was stuck on the 
glass substrate using adhesives. and lamination of GaAs substrate 1 was mechanically carried out even to 80 
micrometers. Then, using the double-sided contact aligner, the hole pattern for heat dissipation was formed 
according to the surface side pattern, and the radiating hole was formed to a depth of 50 micrometers by the dry 
etching using the mixed gaseous plasma of SiCI^ and SFg. The wet etching which used the mixed liquor of sulfuric 
acid, hydrogen peroxide, and water removed remaining 30 micrometers of a radiating hole. Under the present 
circumstances, etching stopped by the etch stopping layer 25, and the rear-fece emitter contact layer 26 was 
exposed in the radiating hole by removal of the etch stopping layer by a subsequent hydrochloric acid aqueous 
solution. It formed in the last by electron beam evaporation and Au plating all over the rear face by having used Ti 
(50 nm of thickness)/Pt(50 nm of thick ness)/Au(4 micrometers of thickness)24 as the rear-face emitter non alloy 
electrode, and the monolithic microwave integrated circuit shown in drawing 22 was produced. According to this 
exanriple. it is effective in the ability to carry out [ monolithic microwave integrated circuit J-izing of the power 
amplifier which has high power conversion efficiency, a high power profit, low cost high -re liability, and any at least 
one feature of the high reproducibility. 

Example 7 drawing 29 is the mobile power amplifier module produced using the monolithic microwave integrated 
circuit shown in Example 6. Specific inductive capacity used the low-temperature-baking crystallized glass board of 
8 for the package. Size is small to 7mmx7mm used by conventional technology by 6mmx6mm. 101 is a metal cap and 
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102 is a chip. 103 is an electrical transmission track and forms the cascade screen of Ag and Pt by thick film 
screen-stencil. 105 is the monolithic microwave integrated circuit shown in Example 6, and the rear face is 
electrically connected to the ground layer 108 by Ag paste. The electrode pad for input and output arranged on the 
surfece of 105 is pulled out by the wirebonding 104 out of the chip. 106 is thermal beer and the ground layer as 108 
with 107 and 109. [ same ] Since the heat dissipation nature obtained in Example 6 used the monolithic microwave 
integrated circuit whose chip area it is good and is small according to this example, there is an effect which can 
produce a mobile power amplifier module with small capacity. Since there is no generating of the emitter inductance 
accompanying wirebonding which was a problem in the conventional emitter top HBT and the rear face of the 
monolithic microwave integrated circuit 105 is directly linked with the stable ground layer 108 electrically. There is 
no manufacture dispersion and there is an effect which can produce the mobile power amplifier module which is 
excellent in a high frequency characteristic. 

Example 8 drawi n g 30 is a block diagram showing the composition at the time of using the high power amplifier 
module ( drawing 29 ) which applied the semiconductor device concerning this invention shown in Example 8 for the 
mobile transmitter represented by the cellular phone. In the mobile transmitter shown in drawing 30 . the antenna 
640 receives the reception radio wave (here. 0.8 GHz thru/or 2 GHz are assumed) from a communications partner. 
The electric wave received with the antenna 640 goes into the receive section 600 as an electrical signal through 
the antenna shared device 641. The electrical signal sent to the receive section 600 is first amplified with the low 
noise amplifier 61 1. The amplified signal (0.8 GHz thru/or 2 GHz) is changed into about 500-kHz signal, for example. 
On the occasion of this frequency conversion, the intermediate frequency generated with the frequency synthesizer 
630 is used, and it is carried out by making it synchronize with the receiving mixer 612. The signal changed into the 
intermediate frequency is amplified with the intermediary frequency amplifier 613. Since signal processing 
(processing to which any at least one of amplitude, frequency, and the phases is changed) is made, it restores to the 
signal received with the antenna 640 with the demodulator 614. The signal which came out of the demodulator 614 
is sent to the control section 650. The signal sent to the control section 650 is sent to a receiver from a reception 
signal processing circuit in it. and turns into an audio signal. On the contrary, when transmitting an audio signal, a 
signal is sent and modulated by the modulator 623 of the transmission section 601 through the transmitter in the 
control section 650, and a sending^signal processing unit. The modulated signal is high-frequency-ized with the 
transmission mixer 622, and after being amplified with the power amplifier 621. it is transmitted from the antenna 
640 through the antenna shared device 641. The power amplifier module concerning this invention is used for the 
power amplifier 621 of the transmission section 601. The high frequency (0.8 GHz thru/or 2 GHz) generated with the 
frequency synthesizer is used for high frequency-ization in the transmission mixer 622. The frequency synthesizer 
630 can generate two or more frequency so that clearly from the above-mentioned explanation. The antenna shared 
device has played the role of the transmit/receive switch, sends the electric wave received with the antenna 640 as 
an electrical signal in the case of reception, and serves to send the signal sent from the transmission section 601 to 
the antenna 640 in the case of transmission. According to this invention, as a result of the power conversion 
efficiency of a power amplifier with the biggest power consumption improving in a mobile transmitter, it is effective 
in the ability to make long beyond conventional technology duration of call which can be used by the charge which is 
1 time of a cell. 

Example 9 drawing 33 is a circuit diagram of a grounded emitter millimeter wave belt amplifier. The electrical 
transmission track is connected to the base and the collector to the emitter being directly linked with a ground. 
Drawing 34 is an experimental result which shows the number dependency of collector fingers of the power gain at 
38 GHz of the amplifier which has the circuitry shown in drawing 33 . At collector top HBT by conventional 
technology, power gain declined with the increase in the number of collector fingers under the influence of emitter 
impedance. The result which is only the minute resistance accompanying the contact resistance of a rear-face 
emitter electrode in emitter impedance in collector top HBT which starts this invention to it, especially collector top 
HBT using the rear— face emitter electrode shown in Examples 3 and 4, Power gain was not dependent on the 
number of collector fingers, and was constant Since according to this example there are few collector fingers taken 
to obtain required output power and it ends, it is effective in low cost and a high power gain amplifier with a small 
chip area being realizable in a millimeter wave belt. 
[0012] 

[Effect of the Invention]According to this invention, the collector size dependency of the current gain in collector 
top HBT can be reduced. 



[Translation done.] 
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* NOTICES * 

JPO and IMP IT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is vertical section structural drawing of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[Drawing 2] It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

EDrawing_3]It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[ Drawing 4] It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[Drawing 5l lt is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[DrawingJlIt is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[Drawing 7] It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[Drawing 8] It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[ Drawing 9 ] It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[Drawing 10] It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 1st example of this invention. 

[Pxaj^dngJLlJlt is vertical section structural drawing of collector top HBT used for the semiconductor device which 
is the 2nd example of this invention. 

[Drawing 12l lt is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 2nd example of this invention. 

[Drawing 13l lt is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 2nd example of this invention. 

L Qrawing 14 3 lt is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 2nd example of this invention. 

[Drawing 15] It is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 2nd example of this invention. 

[Drawing 16l lt is the manufacturing process figure of collector top HBT used for the semiconductor device which is 
the 2nd example of this invention. 

[ Drawing M] lt is vertical section structural drawing of collector top HBT used for the semiconductor device which 
IS the 3rd example of this invention. 

[Drawing IBj It is vertical section structural drawing of collector top HBT used for the semiconductor device which 
is the 4th example of this invention. 

[ Drawing 19 ] It is the planar structure figure of collector top HBT used for the semiconductor device which is the 
4th example of this invention. 

[Drawing 20l lt is the planar structure figure of collector top HBT used for the semiconductor device which is the 
4th example of this invention. 

[ Drawing 2 li lt is vertical section structural drawing of collector top HBT used for the semiconductor device which 
IS the 5th example of this invention. 

[Drawing 22 ]I t is vertical section structural drawing of the semiconductor device which is the 6th example of this 
invention. 

[Drawing 23llt is a circuit diagram of a two-step amplifier. 

[Drawing 24l lt is a manufacturing process figure of the semiconductor device which is the 6th example of this 
invention. 

[Drawin g 25 ]I t is a manufacturing process figure of the semiconductor device which is the 6th example of this 
invention. 

[Drawing 26] It is a manufacturing process figure of the semiconductor device which is the 6th example of this 
invention. 
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[Drawing_27]It is a manufacturing process figure of the semiconductor device which is the 6th example of this 
invention. 

[Drawing 28]It is a manufacturing process figure of the semiconductor device which is the 6th example of this 
invention. 

[Drawing 29llt is vertical section structural drawing of the semiconductor device which is the 7th example of this 
invention. 

[Drawing 303 lt is a block diagram of a mobile transmitter, 

[Drawing 31] It is vertical section structural drawing of collector top HBT used for the power amplifier by 
conventional technology. 

[Drawing 32]It is a figure showing the measurement result of the collector mesa size dependency of the current gain 
in collector top HBT used for the power amplifier concerning conventional technology and this invention. 
[Drawing 33]It is a circuit diagram of a millimeter wave belt emitter follower. 

[Drawing 34] It is a figure showing the measurement result of the number dependency of collector fingers of the 
power gain in the millimeter wave belt emitter follower concerning conventional technology and this invention. 
[Description of Notations] 

1 [ — Spacer layer, ] — A semiconductor substrate, 2 — A sub emitter layer. 3 — An emitter layer. 4 5 [ — 
Collector layer, ] — A base layer. 6 — A spacer layer, 7 — An etch stopping layer, 8 9 [ — Emitter electrode, ] — 
A cap layer, 10 — A collector electrode, 11 — A base electrode. 12 13 — A high resistance sub emitter region, 14 

— A high resistance emitter region, 15 — Insulation film side wall. 16 — A photoresist pattern. 17 — A flattening 
photoresist, 18 — The isolation region between elements. 19 — An interlayer insulation film. 20 — A collector 
wiring metal, 21 — Emitter rear-face alloy electrode, 22 — A straw-man collector electrode, 23 — A collector 
contact hole. 24 — Emitter electrode rear-face non alloy electrode, 25 — An etch stopping layer. 26 — An emitter 
rear-face contact layer, 27 — The electron which cannot advance to a parasitism emitter by conducting-zone 
discontinuity, 28 — The electron. 36 which reach to a collector — The electron recombined in an extrinsic base, 51 

— Placing ion, 61 — Driver stage HBT and output stage HBT. 62 [ — A capacitative element. 71 / — The 1st 
interlayer insulation film, 11/ — The 2nd interlayer insulation film. 73 / — The 1st wiring metal, 74 / — The 2nd 
wiring metal. 75 / — An insulator layer, 76 / — A resistance film. 101 / — Metal cap, ] — HBT for bias circuits. 63 

— A resistance element, 64 — An inductance element, 65 102 — A chip, 103 — The transmission line, 104 — 
Bonding wire, 105 — A monolithic microwave integrated circuit 106 — Thermal beer. 107, 108, 109 — A ground 
layer. 110 — A bias wire way. 600 — Receive section, 601 [ — An intermediary frequency amplifier, 614 / — A 
demodulator, 621 / — A power amplifier. 622 / — A transmission mixer. 623 / — A modulator. 630 / — A 
frequency synthesizer, 640 / — An antenna, 641 / — An antenna shared device, 650 / — Control section. ] — A 
transmission section. 611 — A low noise amplifier, 612 — A receiving mixer, 613 
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^■^^\Zii^ (1) K7'r/<SHBT. tt};'3SHBT© 

mt)^i^mm^\^±$'t^z *3j;of (2) /^-TTP!. 

(1) {c^rtttt, HBT<^=-mE (mi¥m±='\^^ 

5rt;45W'^T-$)5„ HBT(:D=-mEfl:t7-fe:-y hi; 

So HBT(D:ty±y hmEit. :^^y^^mmmKm 

(CffM Lfc 3 U- ^ h y 7°H B T C0;^d5{6;l ^ r i: b 

hn = ^^ • U^^-XmS 6#m3-^m264 
H;ei^e)^2 6 5M (2 0 0 0^) (Electrcni 
cs Letters Vol.36 No. 3 p 
p. 2 64-2 6 5 (2 000) ) ICgg^^ttTV^ 

So 

(2) fc^fLTd. mmti:mmmmm^m^-r^:Lti!>^ 

So 'fi«J;ttf 7 o/i^^L 1 0 OSrSxSiSv^^ 

mHBTioj:xfm:h^HBT(Dn.^mmmi: lxus o 

t^.L. ±IH (1) |wML-Cti&3R(D3 
Wi^^hy^HBT (1113 1) ^UFSLtcm^. 
^■f-^Xin OOx 1 00//m' g«©;^E«HBTT- 

ii5 omm(Dmmi^mmtmhixx^^xi>. m.timi^^ 

-fXt^/h^/^HBT. Mi«3 ^^^■»^■^X*52 X 2 0 
(im' <^HBTt:i*5l^T. ^StJiilii^dJ 1 0 SrTlHoT 
t^^PpUaiSfcoyt (0 3 2) , :iOfc*. 
yT'HBTtOSffltCit), K7-r/'<©HBT*iitJfa;*3 



(3) #§^2002-252344 

4 

l6HBT©m;^3f#ia*dS(6j±LT'b. y^^T^^m^O 
[0 0 04] 

Sfet^^:i^^ v9^^<n>^x^WhfSi^^i.b\^\.. 

So Sfc. ±IBi6t)(i. m^fB^##:S«±fCnM^k-g- 
^ilt^«:*>P>/j;S^? 2/^S?:^Si-Sia. 

:S-rsxm, wCD-^-^g^rifsoj^^^ijcApx-rsx 

20 h7>'i^^^'©Sit;^ffi(>ij:!5;t^-e#So 
[0 0 0 5] 

^j^. u -^A, wm. mm. mm. mm. yy 

m. ^isrvti.}£<r)y{i>rvV;'h'ih^ififi.^^. %^:^%.v 
YLBKOWmm^m"^ l SrMxSTtJ^ICH, . 

< 7iSifi;^^;i5fes„ => u/:7^fl;^^{-^L:^ 3u>:7>5r^f- 

^'^r*>i2^^^#T4^$^^Sigfa:X|ifS:^S3 U'i'i? h yT' 

HBTY^mx.m'pici^jji^^ii.m-r^mmito. 3tim 

40 X. f4i:fc{C, $&5KS$t{Cj;S=>U'i5'i5' hy^HBTSr 

tzo ^^VTi^^Xy^m^mfhm^XUh^^LXWf^ 
^i-tHtmmm^nm. (mstt^Aexp (qV/nk 
T) (A : itmmm. q : ^m^t*. V : mj±. k : JJ^ 

T:|fe*ftaig) tmLtzm(On<om) *5 
2 .t^iSli-f-efef), -<-^4'^4M^F^T♦<7):);:|i^S^^:^^L 
fcS^-g-m^^^^E1-nifn = 1 t/^Sfi-fT'fcSo H 
l^tcElS llOT^I-i^jfeS^BtCtS^l^^'^ h5':/HBT 

50 aSE^nfilttl. OT-fcofCo r©:ii:d»e>. 
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1213 KCS^t^cttJKSWtCi^aU^^ hyrHBTm 

[0 0 0 6] *iipjii. -f^ynh^^^^i^n^-^m 

tz mmi^^^ mm^ i^tzt^^ xi^mt ^zt-k 
[000 7] m&m 1 

G a A s 1 Ji(-ii K-7°n i^G a A s f-;/^ 5: ^ 
® (S ijgSSx 1 O'* cm'' .)KJ?0. 8;jm) 
2. I nGa Pj:? (InP^yPifcO. 5, 

SijggFSxlo" cm"' .^ffO. 2 ura) 3, 
T^'K-T'Ga As;^'<-f-^ (MJ95nm) 4. pS 
GaAs'<-;^M (CiSS3 X 1 cm" , HI J? 

7 0nm) 5. T > Y-Z^G a A s T^^-^M (IKJ¥2 
Onm) 6. I nG a P3i5/5^;^ h 5/7°^ (InP 
^;Vit0. 5. SiSffSxlo" cm'' . ^i? 5 
nm) 7, nMGa A s ^u-^^g (Si«S3xlO 

cm"' , ^J?:0. Bum) S. nHlnGaAs 
^"ry-yM (I nAs-^-^uitO. 5. S iSSi x 1 0 

cm"' . mWO. 2iim) 2f)^^h. 9 
«®1 0 h^— 7.^,1 ifiS i O2 filial SSrr^U 

i^So riT'. ^5: 5/^5^^3*5 iijtf-y^ 5 -^^^ 2 

iT■^JZ.*t^:tii5^g&l I nGa P^^^^: yiJ'UftKi 4 h 
i^SfetG a A s ^ y 1 3 ^ 

^:3^%v9—<-7.^^-km\^^^-7.WSi (EI 14"© 

lCiBlt5=' l/^^f-'l'X2 x 2 0 ;im' (D^X^^ 9 Vy 

^i^-rxi ooxiooAira' <n>nm^^^)inx.xh 
1^^x^fe#tt^m'JT-tfc (121 7) „ ms^x. m2t-^ 

T©Mit*-&^lftBJ-tS„ ttCfefC. il^iifeiik^4G a A s 

:tfi5':3rv'-fe^ffll/^T. K-T'nMG a A s 
? V9m2. nl^InGaP:i^^5'^M3. r>- h'-^ 
GaAs;^'^— f-g4. pitfGaAs^-;^M5. r^' 
K-^Ga A s;^-?— t^S6. I n G a P^i yf^^?. 
hs':/S7. n^Ga A s aU^^JgS. nSlnGa 
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X\ I nGa P^-yf^;^ K->7"^7fi^-;^*ife3 

V^■CWS i (Si^yWitO. 3. ^J¥0. 3 um) k'!; 

*!S;uyto ^LT. o$r-v;^^ic, n 

10 nGaAs^-ty7°g9*Jj:t^nSGaAs3Ui^ 
^J'SS^SFe *Jj:t5S i C 1 4 k^^^tz Vy4:^yf- 

h:^y^>i^\cX*)^^Vtc. ZOB. nSinG 
a P:ny^X hyT'lrHy jigg-fb*^, TKtDjg 

I nG a Pj:^,^;:!; h5,7°g7©^ffi;J5etlJ$ 

tifz (02) 0 ^(7)^. M^A?^k¥fttJm^aism^ffl^^ 

X. 3 9 0'C{CTS iO^ m (lgj¥4 0 0nm) ^±6ffi 
C2 F» iSiU^CHFa k^\^^tih'v^:^y=^y'^ 

U'^tJ'm^l 0*J±u«s i O2 mMl 5Sr-7;^^'{c:, n 

MI nGa P3i5.5^^ h 7 J: !? ^ 

r:/ K-7°G a A s !^g6*5J:lJpSGa 

A s -<-:^m 5 ^ y y^g. i§®?^b7K*. 7K(D&-^mk^ 

V^:/^:^^^!^ Haiyf-y^/JciOS^iU nUlnGaP 

^5 y^'^S^ffiSrSmtTt (1113) . ^LT. ^B(c 
SH^-f 5 1 SriPjf 5 0 k e V . Alt:^ 0 

S> K-;^»2xl0'' cm"' <D^WX\ ^^KX 

30 mBaXm'im:)f\^\Z^m I^Jg^ I n G a P ^^^J: ^ 
y ^mWi 14t6X. Tjm^iTiG a A s ^^-fy'^. 5 5/ ^^1 
3(l^:*-(B]{Cte>6^ofc (04) . w©i£;!>5!9i|ill^ 

tt^i^bO. 3*/m:<)^b0. 5 m@Si: ^^'b P^iXTto 
^<0^. -^-^mffiP t (20nra)/Ti (5 On 
m) /P t (5 0nm) /Au (2 0 0nm) /Mo 

(2 0nm) 1 1 ^mT•t••-i>,^*^ffl^^y^:y 7 
)felCj;?)ffMt. 3 Ui^^^-i^JC^LTO. 6*im(DFBl 

ii5$OJ^ M^v*;^ h^^^Vl 6?Sr:!)^ h y y^/7 7^-(c 
iipf^Mbfc (0 5) o ^LT. I^;?2 //mtD* hUv 
;^ h 1 IX'^J^y^^WkW-mtLtz (06) „ m^CF 
A ii^XfmmirM^^tzYy^^yf-y'^KX'O. h u 
v?;^hl7. 1 6Sr:E5,^y^5,^L. aU^^m^lO 

±(cdt«bf^'<-^miii i^Bmufc (0 7) „ 

W£-<—y^m&k^.^Ltz'^. CF4 . O2 . jo<tl7N 
50 (0 8) 0 
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[0 0 0 8] ^(7)^, yi^hV VVyy^-isiiZfmkTif. 

h^y^yV^M\/^X. if jSgi I n G a P 

1 3^^*L. {£®^nS!Ga A si^y^i^ y:Jr^2^ 
Smtfc (119) o fcV^T. AuGe (^J?6 0 nm) 
/N i (MfflOnm) /Au (MffSOOnm) 

m^m%.^A 1 otiicT 1 o^mru^i m i 

TnSlGa Asf-y^$ y 2 ^1^*1"^ i iCi 

mm htz'^^^iK.^k(r>W5\^mii^ nMinGapoi^y 

8 8 0MHz*=>e)9 1 SMHzCDGMSK (Gauss 
ian Filtered Minimum Shif 

t Ke y i n g) ^PiS{C*ftT. mtimj±3. 5 

V, 5'x:\z^n^mtintit^z 5 d BmXnm^tl 

{Ci5='t'^^5' h5':/HBT^ffll^fcm;'7lti|i^T-f4 7 
3%i:4%iSi^'(it;ist#e>nfc„ ^m&mx\i^% 
y^MK I nGa P^ffl^^3t;65, A 1 Ga A s /^ifGa 
A sS«l fCl&^S-g-L, '<-;^g-Cfc5Ga A s it) 

[000 91 2 

HI 1 1 ft^^m<Dfii2(Dmi&mxh^mt)mmmzm\'^ 

=3 U i!' ^ N y B T ©ii¥»fffifllitlllT-fc -5 „ ^«SJ 
1<!:I^||(C, ¥itei^ttGaAsS«l±{cif K-T'nS 
GaAsi^y:Il*S/^S (S iS-gS X 1 O" cm 
> ^/PO. Sum) 2. nSl nGa PoiSy^Ji 
(InP^^WJtO. 5, SiSarSxlo' ' c 
m"' , ^J?:0. 2 urn) 3, T V K-7°G a A s 
-■^m (IK^Snm) 4, pSGaAs-<-;^S (Cfi 
jSSxlo" cm'' > MJ?? 0 nm) 5, TVK- 
7'Ga A s^-i-i^S ()^2 0nm) 6, nSinG 



(5) #gi 2002-252344 

8 

aP^y^:^hy^m (InP^yWJtO. 5. S i jftS 
3xl0" cm" . ^J?5nm) 7, nSGaAs 
al^^'^M (S i Si[3 X 1 O" cm'' , l^l?0. 
8/im) 8. nMl nGa As =¥-Yy^S (InAs^ 
^I'ifcO. 5. S iSSl x 1 O" cm" ,1^0. 
2/ira) 9;5?#ft-rS/i^ Mmmi t^tj:^, S i O2 

Tyy~:by h^msLx. =^i-^i'mmi o\cMLx 

SaS-&WlCJgfi!c$iXTI,^5o 

10 ^mmi 2ii^-:^^-<)-\zMLx. ^^^m-^^izM^ 
n^vyiy'y^^m^m^ (^u^^msi oktok 

*>iiSixfcgSfei I nGaP^±3i5s'^^^14tiS 
IgfeiG a A s 5 y 1 3 L. 

yym. ^:i-:y(D\,^irixXh^Xh. mwic 

y^mmi inmt&^l nGa P^^^i? y^^mi Afl 
nx\if£<^ pSGa As'<-y^®5W±E}Ct,^LT 

1*^^— ;^g5(D±B{cg^1--5i|ga(io. 

3 /i mgiTT'fe •? . =" ^;J';?^1^jS*>fe'<->^S^B!lffi* 

T*©Sg^b;650. 5 /im)^TT'fc?)<J;p^c1i^$tl.T^^ 
*^i£^J{C*Jtt?)=' ^^>^1^'1'X2 X 2 Gym' 

f.5,:/HBT£Dm^f£ii*s^(4 5 5,!:. HiSM 1 

30 fztmx\±fl< s 3Ui^<5'-y-^'X2x 20//m' OaU- 
hs'7°HBT{c4o(t5-<-;^®^;65^Jif!ll©4 0 

*4b\ aiSO. 3 i/mSrilx.T'b^ HBT(r>-<—:^m\Z. 
li^fflV^e^lX'STiJ'-fe^^lggE (1-6) X 1 0" c 
m'' O®5IS^C*3^^T-<-;^g;fe^;^0^gjSf4/i<, a 
0. 3 MmKiT<^«T'<t^\ Sfc, bfl'l';i->'ftt,ji^5^ 

S(cii^ffi^^b^^S:t±tag(44 1 0"CgS. ^(DU§l 

bUO. 5 MmiiiTf--rSit:>S;S5fe^„ i!^^T, El 
1 2*^^131 6^#MUT. mi KC^LfcaU^;? h 
5'7'HBT©§Sl3t:^l£^tftBJ-rSo ='^i!'<5'm@<0?^fiK 
t^h. mm-( :i->^(Dr^hT^?f.\Zi.i>^m)il nGa P 
^^^^ y^^^l 4i5j:t;5ia^SfeiGaAs^^i^7'ji 
5?/^fiiicl 3 0?^fi£*Ttt. Illiii««|iroia2d=«f>|g4 
50 IC^L)t®jtxmi:PI-Tfc5, 'f:t>iT*>i2^^^fX@ 
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o. {aym 5^,m«7y®?{cj:t9^*L7t (11112)0 

tZo r©^. ^-y^m&l^^mF t (2 0nm) /T i 
(50nm)/Pt (50nm) /A u (2 0 0 nm) 

/Mo (2 0 nm) ttJi[Slttm^^t-A^«(C i ffM 
Lfc^*. = U^iJ^mil (WS i^J?0. 3/im) 11 

7^ffiiBj:tJ?ii;«mi nGa P^^3i5 y^^i^l 40 

-^mm 1 tttsss-g-fi^jtcff^^^Hfc (mis). 

P ttrnMl nGa F:J^y^:^ h y^M 7 jS XU^T y 

hrtj/^^i^^/^ffiVAT, iSSetl nGa P^^^n? 
^*i(14. iftJgfctGa A s^^f-7~"ni5 y^^^l 3^ 

-(SSfetnMGa As1^y:Il^ ?/^'g2Sr^mL 20 
Jt (His) „ ^§£V^T^ AuGe (Mi?6 0 nm) /N 

i (I^JPlOnm) /Au (^J93 0 0 nm) 

^^i'^'^iii 2^y 7 ^;<^7ffi^ci^)ffMt. 

ffl^l'4 1 0\;tCTl O^r^TP-^ Ufc (01 6) o ^ 
a As-t^y^n? i/^g2^^*1-^r<i:(cj;t9, m^?^^ 

^m^n\'\ mi nc7fii-='u^^ hiyy HBT^i^m 

0IJx.{i. ^jS^8 8 0MHzd='b9 1 5M 

H zOGMSK^PStfC^LT. maSmjE 3 . 5V. ia 
S2 5'CICio(t?)tU;':ll;^d5 3 5 dBmX<Dm^Wi% 

3 hy7'HBT^ffiV^yhm;^Jii|iS|-Cttl 6 dB 

[00101 mmm 3 

tz='i^':7^ hy^HBTy^ y:if~m<Dmmmmmmx 
s/^HBT^ffli/^fco mmm 1 xitm^m^Am\zG & a 
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iSrfflV^fciiligeiG a A s ^^^^5>fififi^ 1 8 ?Sr?^fife LT 

L^So iSi^2 0ii#=>u^i5'®ffi^^i^1-5m;'jffi3^ 

iJ'^ia^T-fcSo #='Wi?i5'7^^;<f-©rBmcf±2^/ 
mtX±l 0/zm£;(TT-feoT, 5 5'^1;112 1 (i^^ 
iii14GaAsSSimt-C. 0*JitK 
^-;^IHS1 1 i:{lS:>ft<7)ffi{c:ff^^S;$tbTV>?)(7)^\ 

1 8 ©?^^^, ^ff 6 0 0 ;z m©^i|Sfe^t4G a A s 

1 ^Wimm\zii 9 8 0 ;f m(c*T*»S'(kt. nm^t> 

-&ffi=>V<5'^' ^T9'1'^-^ffll/^T. ^ite^ttGaAs 

S«i o^Bffi!|/-?i5'>'(c-g-t'-t-r. hy>-i^y^^UT(D 

^mm'&G a A s 1 SBJJc#!i?L/<^5' V^Ji^ h y V 
f£lbWzSFt *5j:tFS i 01 4 SrfflV^fcK 

uGe (lgj?6 0 nm) /N i (KI¥lOnm)/Au 
(^;?4jum) i!)^hf£^^^y^M^Tt2^m.M2 1^ 

nmitG a A s s« 1 om^^mcm^u mm^m% 

tp. 3 5 O''azX20^mTu4 LfCo ^^M^JtCiH 
fi. h.y7°HBT©i(jf^^(D^il;6SGa AsS 

m 1 0^®{B!l=i ;J^ifli8I^JS2 0 ^^LXtzifXUfi 
<. GaAsS^gl(^SS{W3i$s/^5'l;<i2 iSr^LT 

7^i^;<f-PBlPSc^f$feP>tu5^:i:. tt5t52 0Mm^± 
i£i.S:^oyS:c<o1fiSri 0 //mfilTJcTt, su^'^hj/ 

[0011] 2^^^iWr*^^^T. c (CTI12 ^ miWt& 

a. :^mMmxitmmm i Eic© ='^^'^Hy^HBT 

mi 8it>^?sm(Df^4<Dmmmxh^m.timm^\cm^^ 

fz^u^ ^ vy^HBTy ^ y^-n(Dm'^^m^mx 

y-fuBT^m^tzo my&m3x\thyi^'y^^m.Tt^ 

^f^^s h5/yHBT^5/7°Sr;^^7^:/(C 
J: "9 ^ ?) t±5-t^{C, Si 7CDA-A-P-AB-B^y^Ufc 

3U^-5r hy7*HBT^yy©§i!at#S^!9Sr^t-rPp^ 
fis ^^5-='U^^'m®^jtO#S©So;f!)>tfT. 1317 
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(DA-AWWia-Bm7XotimwLmcm\^mmmm^^ 
ttmm^^m^x-^ i^m^hi, ^ijb\ mi 7^imm 

MliSlfeOaU'^^' K5'7'HBT«3t»cS':5t>Tia^$ 
^±1i'^h^h<r>(D. 0iJ^fi2x 2 0//m' (D^X^^^y 

^y:ff-X'\t. y-i-iymy^.-='\^i^i'mM^it<o 6 

©1/1 0EiTi:*!iT-#5J: *^JS0-!|{c,t^ 
-f 3 u h s, y H B T IC M L 

m<DmmzmLXit. Fim(D:ffi!)mmx ^ i,^mmc^ 

TV^;5„ ioT. ^■U^^' h5'7'HBTf^5'y©Sig# 

^•f'<Xt^2x20 urn' <r>m-^iCiS\,^XML±l 6:^X 
h^tz. 'i:tiU±<D=tU^'^y^y:ff-^:tm-r^^m 

i^'^&Ktd\,^xn. 3 1^1^' ^ y ^ >:'f-^mmvtzm^ 
^\ "torn. mmi^^mowLM-i^h. ^mmh'—rym 

^\ 

*)5o ^Vy>'y:^^\z\iM-^mAK7}^LtL^\^':7 ^ V 
5/7°HBT (His) S:ffl^^^o 01 8-eHGa AsS 
^gl^Ci^ff^^$nT^^5gS^^ ->^mai4AuGeSr 

5/^®2i:©Jt«MJgei-6S (1-3) X 1 0"" Qcm 
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mmmxtm 2 1 p (c. ;i K-^n^o a a s 

f-y^L^ 5/;5'®2tGaAsSffil i:(0r«5JC, iS K-7* 
nSlno. s Gao. 8 Aso. as No. oj 
Stgoi? y^n:^-?^. jxg (S i^g2x 1 0" cm 
. I^J^SOnm) 2 6SrS?tt> GaAsSSl©* 
®{rffM-r5:J^?y^lHS^T i ()lJ¥50nra)/P 
t (1^5 Onm) /Au ()^J¥4//m) «5iOy>T 
D-l'S^2 4i:Lfc„ |2l2 1T-f±. GaAs&KH-*S 

10 T'nS I nGa A s NS^SBni^; 

6iGaAsS«l irCOFe^fC. ^y^^X h y^Mi LT 
nSl nGa (I nP^>'HtO. 5. S igS2x 
lO" cm" .)BlJ¥60nm) 2 5 ^SS^mSELTI^ 

\'^X!iiM^£mxnfj:\,\ UT. ^y^^ h-^7'g2 5lr 

^■rs0 2 i©«j§©iajt:^&{cBgtT. jfflwctfti^i- 

^)4EifeO'biZ)(C. nGaAsNSffiJ^ 
20 5 i/^='>-iJ'^ hM2 6tiJ:UJiS K-T^nM I nGa P 

SGa Asf-^:3i$ 5'^^2(DfB^(C#A$tlTV^5„ 
So SF« *Jj:tJ5S i 01 4 ^ffll^fcK^^Jiyf-v^^ 

H,^K-7°nSl nGa PJi-yf^;^ Ny7°^2 5-e#± 
JJc^fflTLrtfCiUK-T'ni!! n G a P:t H y 

>ffl?LF*30ia K-7°na I nG a PJiy^;^ h ?/^M2 5 
SrSI^L, iiK-7'nMl n G a A s NSffia^5: y^J'^ 
V^iJ' hS2 eSr^WLfco ^LT. WSMM^^tvf 
y n ^ 1;^ 2 4 S: G a A s S« 1 » B^StcmT- 1' 

iixtf. £«gB^5 2'^^1S2 4©i« I n 

GaAsN2 6fC*r-rSJt^teig^;i5 (o. 8-1. 
2) xio" ficm' {cST-{i;®L. ^©liOfl^tt 

<t*>\ iiS I n G a A s NJi 2 6 (^ijl^ffl^Kli 

I I \ n <DSiJ-g-;65 2 0 %gA±, *^oV 

J^TC^tCi^fcSN (Om-^i^ 2 % ti± T-fctl{i. ±iBcoa 
!9T-^i<-Cil/\ ^fc. 112 lf4|lig0iJlISic<^3U^ 
hy7•HBT«^t^cS-:Jl,^Tla/^^^HT^^5*^ Uli 

50 • -^^jJ'Djg^Sdi^tclItT, 02 2*iJ;tJf2 3^ffl 
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2m.t^bfi:^ (3i^^±T'fcoT'bJ:v^) m,:^^mm^ 

^\i^^^n^o±X^^m^'l&G a A s Stg 1 ±}CffM 
hs/:/HBT$r^fflLTt^5„ HI 2 2 T'ttHl 2 3 

7 -r /<^H B T t m;^i5H B T i ©r^icif A-r ^ i^p^s 

i^-f IC^^iitttG a A s S« 1 ±(CffM-r^fcJ6{Ctt. 10 

'>7'i< i: fc-r 'y^^ 9 ^m^t^^^mm'f^Q a A s £ 

« 1 OJ?$ }± 8 0 // m}i^±£^S•Cfc5o *IIS£«iiJTii. 
li)2 2[c^-t-J:5lCx lliS^«J3d>f>5iE^(0=iU^;? h 
5/^HBTi|5]^(C, K9-l'/-<-SHBT^tB;^I^HB 

T 6 1 (7)ttT(c(iJfefiffl?LS:^(tTfi#5fe^[i|jgt-CV^ 
5„ /^-l'T;^|H|gSffiHBT6 2©:n5 y>5r^l 

2 ttG a A s 1 <7)^Bffl!|*»^® !9 fc ^ 1 MWm 
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